Escherichia coli strains isolated from patients with colonic disorders (n=27) and strains isolated from the rectal mucosa of healthy subjects (n=24) One hydrophobic adhesin mediating adhesion to buccal cells was described by Burke and Axon.9 In contrast, strains isolated from rectal biopsy specimens of patients with ulcerative colitis did not express higher cell surface hydrophobicity than strains isolated from the rectal mucosa of healthy subjects.6
Ulcerative colitis is a chronic, relapsing disease usually affecting the distal colon. The aetiology of the disease and causes of exacerbations are still unknown. Because 7 but shiga like toxin producing E coli were not more frequently isolated from rectal biopsy specimens of patients with ulcerative colitis than from healthy subjects.48 No bacterial species has been linked conclusively to the disease.
One hydrophobic adhesin mediating adhesion to buccal cells was described by Burke and Axon.9 In contrast, strains isolated from rectal biopsy specimens of patients with ulcerative colitis did not express higher cell surface hydrophobicity than strains isolated from the rectal mucosa of healthy subjects.6
A number of virulence factors have been described in E coli causing infection of the small intestine, such as enterotoxins, fimbrial adhesins, and outer membrane proteins of non-fimbrial nature.10 Very few virulence factors of E coli causing colitis have been characterised. Apart from the classic enteroinvasive E coli, where the invasive ability is conferred by a 140 kDa plasmid, enteropathogenic E coli strains have been shown to possess invasive ability.11-13 Interestingly, immotile, shigella like E coli were more commonly isolated from patients than from healthy subjects, though the difference was not statistically significant.6 14 Whether these strains have invasive properties is under investigation.
We have previously shown that strains from patients with ulcerative colitis commonly express binding of fibronectin, collagen type I, and laminin.4 6 7 These extracellular matrix proteins are certainly exposed in colonic ulcers during a relapse of ulcerative colitis, and expression of binding of these proteins could represent a mechanism for anchoring bacteria in the tissue. Whether these proteins are also exposed in non-ulcerated colonic mucosa has not been elucidated. The link protein of colonic mucus was proposed to be an Fn fragment but this has not been confirmed.15
This study was undertaken to analyse expression of binding of vitronectin, plasminogen, thrombospondin, and fibrinogen by E coli strains isolated from rectal biopsy specimens of patients with ulcerative colitis and other colonic diseases and healthy subjects, and to further investigate adhesive properties of these strains.
Methods
BACTERIAL STRAINS E coli strains isolated as the dominating strain from rectal biopsy specimens of patients with relapse of ulcerative colitis (n=20), Crohn's disease (n= 2), colitis and proctitis of unknown Shen, Steinriick, Ljungh cause (n=5), and from rectal mucosa of healthy subjects (n=24) were studied. The strains were serotyped according to Orskov and Orskov. 
STATISTICAL ANALYSES
The Mann-Whitney unpaired non-parametric test was used for statistical analysis.
Results
Most of the strains isolated from healthy subjects expressed moderate cell surface hydrophobicity (salt aggregation test 0.5-1 6, Table I ) whereas most of the strains isolated from patients with inflammatory bowel disease or other colonic disorders expressed low surface hydrophobicity (salt aggregation test 2 or >2, Table I ).
The strains isolated from patients with colonic disorders expressed binding of the proteins to a high extent and only three strains did not bind any of the proteins (Figure , Table II healthy persons was highly significant (p<000 1). Also, binding of fibronectin, collagen type I and IV, and laminin was more common among strains isolated from patients with colonic disorders than from healthy subjects (p<0001) (Figure, Thirteen strains were stained with phalloidin after incubation with HEp 2 and HT29 cells. Only strain RL66, which hybridises with probes for eae and SLTII gave the typical accumulation of actin in HEp-2 cells. The staining of HT29 cells was less pronounced but all strains except one induced changes in the cells. After incubation with one strain of serotype 050, all cells were lysed. A typical finding was that there were no normal actin filament bundles in the cells.
No strain hybridised with the established E coli virulence factors: heat labile or heat stable enterotoxins, invasivity plasmid or enteropathogenic E coli adherence factor. One strain hybridised with eae, and seven strains isolated from patients with colonic illness with SLTI (Table I) . One strain hybridised with the SLTII probe, and one strain with both SLTI and SLTII probes. One of the strains isolated from healthy rectal mucosa hybridised with the SLTI probe.
Discussion
Twenty years ago Cooke et al27 tried to link virulence properties of E coli to the precipitation of relapse of ulcerative colitis. We subsequently described the isolation of shiga like toxin producing E coli in patients with relapse of ulcerative colitis.3 7 This was later confirmed by others.5 In a study on the cause of infections and non-infectious colitis, the incidence of shiga like toxin producing E coli was similar among strains isolated from rectal biopsy specimens of patients with a first episode of ulcerative colitis and with infectious colitis. 28 In the same study very few strains were shown to carry the hitherto described virulence factors of E coli.28 This was to be expected as most of these virulence factors play a part in infections of the small intestine. Interestingly, enteropathogenic E coli adherence factor and attachment effacement factor (eae) have been described to act both in the small and large intestine.29 In our study, only one strain from a patient with ulcerative colitis carried the eae gene, which shows that neither of these virulence factors are common in strains isolated from patients with inflammatory bowel disease. Our data, however, support the finding by Knutton et al that strains carrying eae induce actin accumulation in intestinal cells from both the small and large intestine. 24 We have further found that E coli strains producing haemolysin but not colicin were more commonly isolated from biopsy specimens of patients with ulcerative colitis than patients with infectious colitis.'4 These strains may be similar to virulent Salmonella strains. 30 The pathogenesis of ulcerative colitis and relapse of ulcerative colitis is probably multifactorial, but a subset of E coli strains adhering Strain   RL3  RL4  RL10  RL36  RL41  RL49  RL50  RL51  RL64  RL65  RL66  RL70  RL74  RL78  RL81  RL90  RL92  RL96  RL99  RL100  RL109  RL11O  RL114  RL118  RL129 Although only one of the strains isolated from patients with colonic diseases adhered to a great extent (100 bacterial cells/tissue culture cell) to HT29 cells and HeLa cells, and three strains from healthy subjects adhered to HeLa cells in high numbers, strains isolated from patients with colonic disorders adhered in significantly higher numbers to HT29 cells than strains from healthy subjects (Table I) . HeLa cells are not of intestinal origin and HT29 cells are malignant intestinal cells, which may express surface structures differing from those of patients with ulcerative colitis as well as of healthy subjects. Similarly, the adhesion to buccal cells of strains isolated from patients with ulcerative colitis may not be relevant for adhesion to cells from the large intestine.8 9 The data on adhesiveness presented here, however, could show that adhesion plays a part in pathogenesis. This should be explored using colonic cells, preferably from patients with colonic disorders as well as from healthy subjects.
We have earlier shown that E coli strains of intestinal and extraintestinal origin commonly bind fibronectin, collagen, and vitronectin. 20 In a study of E coli strains isolated from patients with ulcerative colitis and other colonic disorders most strains expressed binding of fibronectin, collagen, or laminin, or all three. 4 The data in this study support these findings. In this study E coli strains were further analysed for expression of binding of vitronectin, fibrinogen, thrombospondin, and plasminogen. Strains isolated from patients with colonic disorders expressed binding of RL100   54  43  43  34  13  39  35  14  15  RL109  14  32  24  16  10  23   17  12  8  RL110  13  30  25  28   11  44  10  8  10  RL118  44  46  35  29  10  50  50  28  25  RL129  3  2  3  9  49  63  73  51  40  Ec 40   7  8  6  <2  <2  2  3  2  3  Ec 53   22  4  2  ND  13  12  30  12  13  Ec 76  <2  <2  <2  3  2  <2  <2  <2  2   Ec80   <2  <2  <2  3  <2  3  2  <2  2   Ec 107  <2  <2  <2  <2  <2  <2  <2  <2  <2  Ec 115  <2  <2  <2  <2  3  9  9  8  9  Ec 116  <2  <2  <2  <2  6  10  17  9  13  Ec 118  <2  <2  <2  ND  24  55  52  34  30  Ec 127   <2  <2  <2  ND  5  18  18  10 
